Abstract: This paper describes the results of room temperature joining of TiO2 / SiO2 IRF by sputter deposition with a special emphasis of improvement of adherence at the interface. This multilayer system is designed to shield the infrared energy of solar spectrum by interference reflection. The abrasion resistance of the multilayer stacks was also estimated by the Haze value after the Taber abrasion test. It was found that the Haze values of TiO2 / SiO2 system showed over 20% after abrasion test, indicating poor adhesion at the interface. By introducing Al2O3 layer at the interface between SiO2 and TiO2, the haze value deceased to 1.9%. Transmission electron microscopic observation revealed distinct interface at TiO2 /SiO2, but amorphous continuous and indistinct interfaces of SiO2/ Al2O3 and TiO2 / Al2O3 were clearly found. These results can be explained in terms of chemical reactions at the interface at SiO2 / Al2O3 and Al2O3 /TiO2 by local heat evolution induced by energy deposition of sputtered particles.
1． Introduction
There are increasing demands for the application of thin film coating to transparent substrate such as glass and plastics for windows in automobiles and houses from the viewpoints of environmental-friendly energy saving and low carbon emission social systems¹⁾. Thin film coating technology plays an important role to realize these demands by adding fascinating optical properties on glass and plastics for windows, which includes modification of hydrophobic or hydrophilic properties, surface hardening and infrared reflection filter (IRF) ²⁾. In practical application, however, these energy saving optical coatings are not yet widely applied in automobiles and houses because of their durability ³⁾. This paper describes the results of room temperature joining of TiO2 / SiO2 IRF by sputter deposition with a special emphasis of improvement of adherence at the interface. This multilayer system is designed to shield the infrared energy of solar spectrum by interference reflection.
2． Experimental procedure
Attempts have been made to improve the abrasion resistance of a seven-layer IRF composed of SiO2/TiO2 stacks by forming thin Al2O3 layers at the interfaces. Glass substrates were cleaned ultrasonically with an organic solvent, such as isopropanol, before thin film deposition. The film thickness was measured with atomic force microscope (AFM) to be typically 155 nm for SiO2, 102 nm for TiO2 and 10 nm for Al2O3, respectively. TiO2, SiO2, and Al2O3 films were prepared by a radio-frequency sputtering method from sintered oxide targets.
Sputter deposition was carried out under the following conditions. Vacuum chamber was first pumped down to 5
x 10 -4 Pa and then sputter gas of Al-5%O2 was introduced to 1Pa. Deposition rate was 10nm/min for SiO2 and 2 nm/min for TiO2 and Al2O3. No special heat treatment of the glass substrate was used in this study and the Sputter Joining of TiO 2 / SiO 2 Thin Film System --maximum temperature of substrate was measured to be less than 100℃ during deposition⁵⁾. The abrasion resistance of the multilayer stacks was also estimated by the Haze value after the Taber abrasion method (ASTM D1044/C 501) ⁶⁾. Light that is scattered upon passing through a transparent film or sheet of material can produce a hazy or smoky field. Evaluation joining strength of film to glass substrate and film to film can be evaluated by haze value, where haze value can be defined by the ratio of total hemispherical luminous transmittance of clear specimen to hazy or smoky one with rugged surface caused by abrasion test.
3． Results and discussion
It can be understood that peeling at the interfaces such as film to glass and film to film may occur as a result of Taber abrasion test, revealing rugged surfaceas shown in fig. 1 , where top layer of SiO2, second layer of TiO2 and third layer of SiO2 can be clearly seen of multilayer stacks. Figure 1 shows changes in haze value with the number of abrasion test. In the case of SiO2 /TiO2 system, the haze value increased rapidly after abrasion test and the surface morphology by SEM observation shows a rugged surface: 1st, 2nd and even 3rd layer can be seen as a result of poor adherence at the interface. In order to improve the abrasion resistance, Al2O3 layer was introduced at the interface between SiO2 and TiO2. The optimum thickness of the Al2O3 film introduced was determined to be thicker than 8 nm, resulting in low haze value of 1.9% and no rugged surface after abrasion test as shown in figure 1 .
In addition, more detailed observation of nanostructure of the interface joining was carried out by transmission electron microscope (TEM) at the interfaces of SiO2/Al2O3 and TiO2/Al2O3. As shown in Figure 2 , the interface TiO2 and SiO2 was clearly observed to be distinct. In fact, SiO2 and TiO2 were known to be an immiscible system.
On the contrary, the interfaces of SiO2 / Al2O3 and TiO2 / Al2O3 were completely different from those of SiO2 / TiO2 : Amorphous layers were formed at both interfaces and therefore the boundaries are continuous and indistinct. The formation of these highly disordered interfacial structures without special heat treatment may be caused by the local heat evolution at growing film surface caused by the deposition of kinetic energy of sputtered particles. In fact, the sputtered particles usually have kinetic energy of several electron volts ²⁾. According to thermodynamic data, heat of formation of Al-O is much more higher than those of Si-O and Ti-O and therefore, chemical reactions at the interface at SiO2 / Al2O3 and Al2O3 /TiO2 will be enhanced by local heat evolution 
4． Conclusion
In conclusion, it has now become possible to control thin film nanostructure by taking thin film and ion-solid interaction processes into consideration ⁶⁾. Durability of thin films for practical application to automobiles was particularly emphasized with sophisticated techniques for surface and interface characterization. Finally, further challenges to applications of thin film and surface techniques to automobiles are now in progress. 
